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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present invention relates to a semiconductor 
memory device (e.g., flash memory) having a multi-value 
memory region and a two-value memory region on the same 
chip . 

2. DESCRIPTION OF THE RELATED ART: 

Conventionally, electronic apparatuses are 
generally provided with a semiconductor memory device for 
storing a control program, which controls the operation 
of an electronic apparatus, or various data (e.g., audio 
data or image data) . 

Recently, a mobile telephone service in which image 
data can be transmitted and received in addition to 
character data has been opened. Such a service is partly 
achieved by the increasing capacity of a flash memory 
mounted on a mobile telephone apparatus. Set top boxes 
(STBs), such as BS digital tuners and the like, also have 
a large -capacity flash memory . The proportion of the price 
of a memory relative to the price of a whole system is 
increasing. Therefore, there is a demand for less 
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expensive memories * 

In these circumstances, multi-value main memory 
technology is advancing to provide low-cost large capacity 
5 memories . The multi-value main memory technology permits 
each memory cell to store 2 bits or more of data (multi-value 
data) instead of one bit of data (two-value data)* For 
example, when 2 bits of data (four- value data) are stored 
in a single memory cell, a memory cell array occupying 
10 the same area may have a two-fold larger capacity of data 
than a conventional two- value array. Therefore, the cost 
per unit memory capacity can be reduced. 

For example, Japanese Laid-Open Publication 
15 No. 2001-202788 discloses a semiconductor memory device 
having a multi-value memory region and a two-value memory 
region on the same chip in order to achieve high reliability 
in high-speed access applications. 

20 In the semiconductor memory device disclosed in 

Japanese Laid-Open Publication No. 2001-202788, a memory 
cell array on a chip is divided into a plurality of regions . 
Each segmental region may be arbitrarily set to be a 
four-value memory region or a two-value memory region. 
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The two -value memory region has a small capacity, but data 
may be read from the two-value memory region at high speed. 
In the two-value memory region, a control program or the 
like is stored. The four-value memory region has a large 
capacity and is used to store various data. 

The potential of a selected memory cell is 
generated by current -voltage conversion of a current 
flowing through the cell . In the four-value memory region , 
a four-value sense amplifier is used to compare the 
potential of a selected memory cell with reference 
potentials in order to read data from the cell. In the 
two-value memory region, a two-value sense amplifier is 
used to compare the potential of a selected memory cell 
with a reference potential in order to read data from the 
cell. 

The four-value sense amplifier for reading data 
from a memory cell in the four-value memory region is 
separately provided from the two-value sense amplifier 
for reading data from a memory cell in the two-value memory 
region. 

Japanese Laid-Open Publication No. 7-281952 
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discloses a semiconductor memory device having a plurality 
of memory regions (blocks). This semiconductor memory 
device comprises a delete/write/read control section which 
allows separate memory blocks to simultaneously perform 
two or more different memory operations selected from a 
plurality of predetermined memory operations (e.g. , data 
delete, data write, and data read). 

The delete/write/read control section determines 
whether or not data is being deleted from a predetermined 
memory block and whether or not data is being written into 
the predetermined memory block. When data is not being 
deleted from the predetermined memory block and data is 
not written into the predetermined memory block, the 
delete/write/read control section permits the reading of 
data from the predetermined memory block. 

The delete/write/read control section also 
determines whether or not data is being deleted from a 
predetermined memory block. When data is not being deleted 
from the predetermined memory block, the delete/write/read 
control section permits the writing of data into the 
predetermined memory block. 
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The delete/write/read control section determines 
whether or not data is being written into a predetermined 
memory block. When data is not being written into the 
predetermined memory block , the delete/write/read control 
section permits the deletion of data stored in the 
predetermined memory block. 

In the semiconductor memory device of Japanese 
Laid-Open Publication No. 2001-202788, the sense 
amplifiers (i.e. , the four-value sense amplifier and the 
two- value sense amplifier) cannot simultaneously read data 
stored in a memory cell of the four-value memory region 
and data stored in a memory cell of the two-value memory 
region. Therefore, when one of the sense amplifiers is 
being used to read data, the other sense amplifier is not 
used and is wasted. 

In the semiconductor memory device (e.g., flash 
memory) of Japanese Laid-Open Publication No. 2001-202788, 
particularly when a user sets a portion of a memory cell 
array to be a four-value memory region and the remaining 
portion of the memory cell array to be a two-value memory 
region, there is consistently an unused portion in the 
memory device (i.e., a two-value sense amplifier or a 
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four- value sense amplifier) . Therefore, there is a large 
waste of chip size and power consumption. 

In the semiconductor memory device of Japanese 
5 Laid-open Publication No. 7-281952, the reading of data 
from a plurality of memory regions (memory blocks) and 
the writing of data into a plurality of memory regions 
can be simultaneously performed. However, Japanese 
Laid-Open Publication No. 7-281952 does not describe a 
10 multi-value memory region and a two-value memory region. 
Japanese Laid-Open Publication No. 7-281952 does not 
relate to a semiconductor memory device having a 
multi-value memory region and a two-value memory region 
on the same chip. 

15 

SUMMARY OF THE INVENTION 

According to an aspect of the present invention, 
a semiconductor memory device comprises: a memory cell 
20 array comprising a two-value memory region and a 
multi- value memory region, in which the two- value memory 
region comprises a plurality of memory cells each storing 
1-bit data and the multi- value memory region comprises 
a plurality of memory cells each storing 2 or more-bit 
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data: and a sense amplifier section common to data read 
of the two-value memory region and data read of the 
multi-value memory region, for reading data stored in a 
selected memory cell by comparing a potential of the 
selected memory cell with a reference potential. 

In one embodiment of this invention, the 
semiconductor memory device further comprises a first 
switch section for switching the reference potential, 
depending on whether data is read from the two-value memory 
region or the multi-value memory region. 

In one embodiment of this invention, the 
semiconductor memory device further comprising a 
conversion section for changing the number of bits in 
accordance with a result of a comparison performed by the 
sense amplifier section, and switching output data, 
depending on whether or not the data is read from the 
multi-value memory region or the two-value memory region. 

In one embodiment of this invention , the conversion 
section has two or more output terminals. When data is 
read from the two-value memory region, the conversion 
section outputs the data through the output terminals. 



- 8 - 



03R00454 



all bits of the data having the same value. 

In one embodiment of this invention, the 
semiconductor memory device further comprises : a redundant 
5 cell for replacing a defective memory cell in the memory 
cell array, if any; and a switch section for receiving 
data read from the selected memory cell and data read from 
the redundant cell, and switching from the data read from 
the selected memory cell to the data read from the redundant 
10 cell when the selected memory cell is the defective memory 
cell. 

In one embodiment of this invention, the 
semiconductor memory device further comprises a 

15 write/delete control section for controlling data write 
or data delete for the two-value memory region and the 
multi-value memory region separately. The sense 
amplifier section can perform data read for one of the 
two-value memory region and the multi-value memory region 

20 while the write/delete control section is performing data 
write or data delete for the other of the two-value memory 
region and the multi-value memory region. 

In one embodiment of this invention, the 
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semiconductor memory device further comprises a 
write/delete control section for controlling data write 
or data delete for the two-value memory region and the 
multi-value memory region separately. The write/delete 
5 control section can perform data write or data delete for 
one of the two -value memory region and the mult i- value 
memory region while the sense amplifier section is 
performing data read for the other of the two-value memory 
region and the multi-value memory region. 

10 

Hereinafter, functions of the present invention 
will be described. 

The semiconductor memory device of the present 
15 invention comprises a memory cell array including a 
mult i- value memory region and a two -value memory region 
on the same chip. The semiconductor memory device of the 
present invention switches reference voltages, which are 
used in a sense amplifier section common to the data read 
20 of the two-value memory region and the data read of the 
multi- value memory region , by using a first switch section . 

Therefore, the semiconductor memory device of the 
present invention can use a read path common to the data 
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read of the two-value memory region and the data read of 
the multi -value memory region- Therefore , the present 
invention can avoid the conventional necessity that a sense 
amplifier for the data read of the two-value memory region 
5 and a sense amplifier for the data read of the multi-value 
memory region are separately required. Thus, the present 
invention can remove a wasted region, thereby making it 
possible to reduce manufacturing cost. The present 
invention can provide a semiconductor memory device having 
10 a small size and low power consumption, compared to 
conventional semiconductor memory devices. 

The result of comparison by the sense amplifier 
section is switched by the conversion section depending 
15 on whether data is read from the multi-value memory region 
or the two-value memory region. Thus, read data is 
switched between multi-value data and two-value data. 

The conversion section comprises 2 or more output 
20 terminals. When data is read from the two-value memory 
region, a bit output through each terminal may have the 
same value. 

For example, in a semiconductor memory device 
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having a four-value memory region and a two-value memory 
region, when data is read from the two -value memory region, 
the conversion circuit converts a 3 -bit signal output by 
the sense amplifier to a 2 -bit signal in which the two 
bits have the same value. Therefore, two-value data can 
be obtained by a simple circuit configuration* Time 
required for circuit verification can be reduced. 

The semiconductor memory device of the present 
invention may be provided with a redundant cell. When 
a defective memory cell is present in the four-value memory 
region or the two-value memory region, a third switch 
section can be provided to switch data read from the 
defective memory cell to data read from the redundant cell . 

Further, the semiconductor memory device of the 
present invention has a write/delete control section for 
separately controlling data write/delete for the two -value 
memory region and data write/delete for the multi-value 
memory region. With the write/delete control section, 
while data write/delete is being performed for one of the 
two -value memory region and the mult i -value memory region , 
data read can be performed by the sense amplifier section 
for the other memory region. Therefore, the operation 
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speed is high and time required for circuit verification 
can be reduced* 

Thus, the invention described herein makes 
5 possible the advantages of providing (1) a semiconductor 
memory device comprising a multi-value memory region and 
a two-value memory region on the same chip, in which a 
sense amplifier can be used to perform data read both for 
the mult i -value memory region and the two -value memory 

10 region, thereby reducing the chip size and power 
consumption as compared to conventional semiconductor 
memory devices and ( 2 ) a semiconductor memory device having 
a multi-value memory region and a two-value memory region 
on the same chip , in which while data write/delete is being 

15 performed for one of the two-value memory region and the 
multi-value memory region, data read can be performed for 
the other memory region, whereby an operation speed can 
be increased. 

20 These and other advantages of the present invention 

will become apparent to those skilled in the art upon reading 
and understanding the following detailed description with 
reference to the accompanying figures. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram showing a configuration of 
a flash memory according to Embodiment 1 of the present 
5 invention. 

Figure 2 is a diagram showing a major portion of 
a memory cell array in which a plurality of memory cells 
are arranged in a matrix comprising columns and rows. 

10 

Figure 3 is a diagram showing a schematic 
configuration of the memory cell array of Figure 2 
comprising a four- value memory region and a two- value 
memory region . 

15 

Figure 4 is a diagram showing an exemplary 
configuration of a conversion circuit of Figure 1. 

Figure 5 is a diagram showing an exemplary circuit 
20 configuration of a signal path within a sense amplifier 
and thereafter of Figure 1. 

Figure 6 is a diagram showing a relationship 
between the distribution of the threshold values of a memory 
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cell storing four-value data and reference potentials 
which are referenced in data read. 

Figure 7 is a diagram showing a relationship 
5 between the distribution of the threshold values of amemory 
cell storing two-value data and reference potentials which 
are referenced in data read. 

Figure 8 is a diagram showing a configuration of 
10 a flash memory according to another embodiment of the 
present invention. 

Figure 9 is a diagram showing a configuration of 
a flash memory according to Embodiment 2 of the present 
15 invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention will be 
20 described by way of illustrative examples with reference 
to the accompanying drawings . 

( Embodiment 1 ) 

Figure 1 shows a configuration of a flash memory 1 
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according to Embodiment 1 of the present invention. 
Figure 2 shows a major portion of a memory cell array 2 
contained in the f lashmemory 1 . Note that in Embodiment 1 
of the present invention, only components involved in data 
5 read will be described. Explanation is omitted for other 
components (e.g., a write circuit, a delete circuit, a 
control circuit for controlling the write circuit, and 
a control circuit for controlling the delete circuit). 

10 The flash memory 1 comprises a memory cell array 2 

in which a plurality of memory cells capable of storing 
data are arranged in a matrix. The memory cell array 2 
comprises a four-value memory region 21 and a two-value 
memory region 22. The flash memory 1 further comprises: 

15 a column decoder 3 for selecting at least one bit line 
from a plurality of bit lines connected to the four-value 
memory region 21 and a plurality of bit lines connected 
to the two-value memory region 22 ; a block select circuit 4 
for selecting at least one memory block from a plurality 

20 of memory blocks; and a row decoder 5 for selecting at 
least one word line from a plurality of word lines connected 
to the four- value memory region 21 and a plurality of word 
lines connected to the two-value memory region 22. 
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The flash memory 1 further comprises : a normal cell 
sense amplifier 6m functioning as a sense amplifier 
section; a conversion circuit 7m connected to the normal 
cell sense amplifier 6m; and a latch circuit 8m connected 
5 to the conversion circuit 7m. A signal indicating a 
selected cell voltage is input via signal lines llmO to 
llm31 to the normal cell sense amplifier 6m. 

The flash memory 1 further comprises: a redundant 
cell sense amplifier 6r functioning as sense amplifier 
section; a conversion circuit 7r connected to the redundant 
cell sense amplifier 6r; and a latch circuit 8r connected 
to the conversion circuit 7r. A signal indicating a 
redundant cell voltage is input via signal lines llrO and 
llrl to the redundant cell sense amplifier 6r. 

The flash memory 1 further comprises: a 
multiplexer (MUX) 9 for selecting at least one output from 
outputs of the latch circuit 8m and the latch circuit 8r; 
20 an output pad 10 connected to the multiplexer (MUX) 9; 
a redundant address memory circuit 15; a redundant 
determination circuit 16; a control circuit 17; a reference 
cell 18; and a switch circuit 19. 



10 



15 
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Figure 2 shows an example of the memory cell 
array 2 in which a plurality of memory cells are arranged 
in a matrix having columns and rows, where each memory 
cell is represented by CELLxy (x=l to 4, y=l to 4). 

5 

The gate of a memory cell CELLly (y=l to 4) is 
connected to a word line WL1. The gate of a memory cell 
CELL2y (y=l to 4) is connected to a word line WL2. The 
gate of a memory cell CELL3y (y=l to 4) is connected to 
10 a word line WL3 . The gate of a memory cell CELL4y (y=l 
to 4) is connected to a word line WL4. 

The drain of a memory cell CELLxl (x=l to 4) is 
connected to a bit line BL1. The drain of a memory cell 
15 CELLx2 (x=l to 4) is connected to a bit line BL2 . The 
drain of a memory cell CELLx3 (x=l to 4) is connected to 
a bit line BL3. The drain of a memory cell CELLx4 (x=l 
to 4) is connected to a bit line BL4. 

20 The source of a memory cell CELLxy (x=l to 4, y=l 

to 4) is connected to a common source line SRC in each 
block. 

The drains of adjacent memory cells CELL are 
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connected to each other and further to the bit line BL. 
The sources of adjacent memory cells CELL are connected 
to each other and further to the common source line SRC. 

5 For example, the drains of adjacent memory cells 

CELL11 and CELL21 are connected to each other and further 
to the bit line BL1. The sources of adjacent memory cells 
CELL21 and CELL31 are connected to each other and further 
to the common source line SRC. The drains of adjacent 
10 memory cells CELL31 and CELL41 are connected to each other 
and further to the bit line BL1 . The plurality of bit 
lines BL are each connected to the column decoder 3 and 
the like. 

15 The memory cell array 2 comprises the four-value 

memory region 21 and the two-value memory region 22. The 
four- value memory region 21 stores four- value (2 -bit) data. 
By providing the four-value memory region 21 in the main 
memory region of the flash memory 1, the capacity of the 

20 flash memory 1 can be increased and the cost of the flash 
memory 1 can be reduced. The two-value memory region 22 
stores two-value (1-bit) data. For example, if the 
two-value memory region 22 is provided in a OneTime 
Programmable (OTP) region in the flash memory 1, the flash 
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memory 1 can be made highly reliable. 

The memory cell array 2 comprises auxiliary memory 
cells (hereinafter referred to as redundant cells). If 
5 any memory cell CELLxy is impaired by, for example , a short 
circuit in a word line, the impaired memory cell CELL is 
replaced with a redundant cell. A redundant cell has the 
same function as that of memory cell CELLxy. Note that 
memory cell CELLxy having no defect is referred to as a 
10 normal cell. 

Figure 3 shows a schematic configuration of the 
memory cell array 2 comprising the four-value memory 
region 21 and the two-value memory region 22. 

15 

The four-value memory region 21 comprises at least 
one memory cell block. The two -value memory region 22 
comprises at least one memory cell block. A memory cell 
block comprises a normal cell region and a redundant cell 
20 region. 

The flash memory 1 comprises the sense amplifier 6 
(the normal cell sense amplifier 6m and the redundant cell 
sense amplifier 6r) used for the reading data from the 
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two-value memory region 22 as well as the reading of data 
from the four-value memory region 21. 

The normal cell sense amplifier 6m is used for the 
5 memory operation of the four-value memory region 21 as 
well as the memory operation of the two-value memory region 
22. The normal cell sense amplifier 6m comprises a sense 
amplifier S/AO to a sense amplifier S/A31. The redundant 
cell sense amplifier 6r is used for the memory operation 
10 of the four-value memory region 21 as well as the memory 
operation of the two -value memory region 22 . The redundant 
cell sense amplifier 6r comprises a sense amplifier RS/AO 
and a sense amplifier RS/A1. 

15 For example, the normal cell sense amplifier 6m 

functions as a sense amplifier for reading data from a 
memory cell (normal cell) in the four-value memory region 
21 (main memory region) as well as a sense amplifier for 
reading data from a memory cell (normal cell) in the 

20 two-value memory region 22 (OTP region) . The normal cell 
sense amplifier 6m compares the voltage of a selected memory 
cell (normal cell) (the potential of a selected bit line) 
generated by current-voltage conversion of a cell current 
flowing through the cell, with reference potentials 
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(reference voltages) VrefO to Vref2 generated by 
current -voltage conversion of a cell current flowing 
through the reference cell 18, and amplifies the potential 
difference (the result of the comparison). 

5 

The redundant cell sense amplifier 6r functions 
as a sense amplifier for reading data from a redundant 
cell contained in the four-value memory region 21 as well 
as a sense amplifier for reading data from a redundant 

10 cell contained in the two-value memory region 22. The 
redundant cell sense amplifier 6r compares the voltage 
of a selected memory cell (redundant cell) generated by 
current-voltage conversion of a cell current flowing 
through the cell, with each of reference potentials VrefO 

15 to Vref 2 generated by current -voltage conversion of a cell 
current flowing through the reference cell 18, and 
amplifies the potential difference (the result of the 
comparison) . 

20 The sense amplifiers S/AO to S/A31 and the sense 

amplifiers RS/AO and RS/A1 all have the same configuration 
and layout. 

The reference cell 18 comprises a plurality of 
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memory cells having the same configuration as that of the 
normal cell. For example, the reference cell 18 comprises 
a plurality of reference cells. The reference cells are 
used to predetermine a threshold voltage value of each 
5 memory cell. The reference cell 18 outputs a reference 
potential, which is a voltage generated by current -voltage 
conversion of a cell current flowing through each reference 
cell. The reference potential output by the reference 
cell 18 is input via a switch circuit 19 (first switch 
10 section) to the normal cell sense amplifier 6m and the 
redundant cell sense amplifier 6r. 

The switch circuit 19 comprises a multiplexer and 
the like. An identification signal MLCB is input from 

15 the control circuit 17 to the switch circuit 19 . The 
identification signal MLCB is used to determine whether 
data read from the memory cell array 2 is two-value data 
(data stored in the two- value memory region 22) or 
four-value data (data stored in the four-value memory 

20 region 21). The switch circuit 19 switches the 
identification signal MLCB, depending on whether data is 
read from the two-value memory region 22 or the four-value 
memory region 21. The switch circuit 19 switches the 
reference potential for the normal cell sense amplifier 
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6m and the reference potential for the redundant cell sense 
amplifier 6r to respective optimal reference potentials 
in accordance with the identification signal MLCB. By 
using the normal cell sense amplifier 6m and the redundant 
5 cell sense amplifier 6r having the respective optimal 
reference potentials, both two-value data and four-value 
data can be read. 

The normal cell sense amplifier 6m outputs a 3-bit 
10 signal to the conversion circuit 7m (conversion circuits 
7m0 to 7m31) which in turn converts the signal to a 2-bit 
signal. The 2 -bit signal is latched by the latch circuit 
8m (latch circuits 8m0 to 8m31) . The redundant cell sense 
amplifier 6r outputs a 3-bit signal to the conversion 
15 circuit 7r (conversion circuits 7r0 and 7rl) which in turn 
converts the signal to a 2-bit signal. The 2-bit signal 
is latched by the latch circuit 8r (latch circuits 8r0 
and 8rl). The conversion circuit 7m and the conversion 
circuit 7r have the same configuration . The latch circuit 
20 8m and the latch circuit 8r have the same configuration. 

Figure 4 shows an exemplary configuration of the 
conversion circuit 7m or 7r of Figure 1. 
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The conversion circuit 7m ( or the conversion 
circuit 7r) comprises a combination of an inverter and 
a NOR circuit. The conversion circuit 7m (or the 
conversion circuit 7r) receives the 3-bit signal (results 
5 of comparison soutO to sout2) output from the normal cell 
sense amplifier 6m (or the redundant cell sense amplifier 
6r) and identification signal MLCB output by the control 
circuit 17. The identification signal MLCB is switched, 
for example, between "0" and "1" depending on whether data 
10 is read from the four-value memory region or the two-value 
memory region, and is input to the conversion circuit 7m 
(or the conversion circuit 7r) . 

For example, when data is read from the four- value 
15 memory region 21, the identification signal MLCB (="0") 
is input from the control circuit 17 to the conversion 
circuit 7m (or the conversion circuit 7r) . In this case, 
outl = soutl. When soutl = "l" , out0=sout0. When soutl = n 0" , 
out0=sout2. outO and outl represent signals output from 
20 the conversion circuit 7m (or the conversion circuit 7r) . 

For example, when data is read from the two -value 
memory region 22, the identification signal MLCB (="1") 
is input from the control circuit 17 to the conversion 
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circuit 7m (or the conversion circuit 7r) . outl (=soutl) 
and outO (=soutl) are output from the conversion circuit 
7m (or the conversion circuit 7r). 

The redundant address memory circuit 15 stores 
information representing the address of a defective memory 
cell. The redundant determination circuit 16 compares 
the address of a defective memory cell stored in the 
redundant address memory circuit 15 with a currently 
selected internal address (an internal column address and 
an internal block address) to determine whether or not 
the redundant cell is used. The result of determination 
by the redundant determination circuit 16 is supplied to 
the control circuit 17 . 

When the outputs of the latch circuit 8m and the 
latch circuit 8r are input to the multiplexer (MUX) 9 which 
functions as third switch section, the multiplexer (MUX) 
9 selects one of the inputs in accordance with a control 
signal output by the control circuit 17. The multiplexer 
(MUX) 9 outputs the only selected output to the output 
pad 10. 

Hereinafter , a read operation of the flash memory 1 
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will be described. 

By using the row decoder 5 for decoding an address 
to drive a word line of a memory cell, the column decoder 3 
5 for decoding an address to drive a bit line of a memory 
cell, and a block select circuit 4 for selecting a block, 
a total of 34 memory cells in a block (32 normal cells 
+ 2 redundant cells) are simultaneously selected and 
activated. 

10 

The signal line llrO and the signal line llrl 
connected to the respective bit lines of the two redundant 
cells are connected to the redundant cell sense amplifier 
6r ( the sense amplifier RS/AO and the sense amplifier RS/A1 ) . 

15 The signal lines llmO to llm31 connected to the respective 
bit lines of the 32 normal cells are connected to the normal 
cell sense amplifier 6m ( the sense amplifiers S/AO to S/A31 ) . 
The two redundant cells are prepared in order to replace 
any defective cell among the 32 normal cells. Note that 

20 three or more redundant cells may be provided. 

In this case, cell currents flowing through 
selected memory cells (the normal cells and the redundant 
cells) are subjected to current-voltage conversion into 
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signals indicating cell voltages. The signals are input 
via the signal lines llmO to llm31 and the signal lines 
llrO and llrl to the normal cell sense amplifier 6m and 
the redundant cell sense amplifier 6r. The signals input 
5 via the signal lines llmO to llm31 and the signal lines 
llrO and llrl are compared with the reference potentials 
VrefO to Vref2. 

The above-described operations are the same both 
10 when data is read from the four-value memory region 21 
and when data is read from the two-value memory region 22. 

Hereinafter, the flow of signals in the normal cell 
sense amplifier 6m and the redundant cell sense amplifier 
15 6r and thereafter will be described with reference to 
Figures 1 and 5, regarding the separate cases when data 
is read from the four-value memory region 21 and when data 
is read from the two-value memory region 22. 

20 Figure 5 shows an exemplary circuit configuration 

of a signal path in a read operation within the sense 
amplifier 6m0 (Figure 1) and thereafter. A multiplexer 
MUXE is included in the multiplexer 9, which is connected 
to even numbered output pads I/O (output pad DQ2i where 
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i=0, 1,2, 7 in Figure 1) . Amultiplexer MUXO is included 
in the multiplexer 9, which is connected to odd numbered 
output pads I/O (output pad DQ2i+l where i=0, 1, 2, 
7 in Figure 1) . 

5 

Hereinafter, an operation of the flash memory 1 
will be described, in which data is read from the four-value 
memory region 21. 

10 A signal indicating a voltage Vcell ( the potential 

of a bit line of a normal cell) is input from a normal 
cell in the four-value memory region 21 via the signal 
line llmO to the normal cell sense amplifier 6m. The signal 
indicating voltage Vcell is compared with the reference 

15 potentials VrefO, Vrefl, and Vref2 which are input from 
the reference cell 18 via the switch circuit 19 to the 
normal cell sense amplifier 6m. A signal indicating the 
result of the comparison is output as a 3-bit signal 
sout [2:0] . Here , the threshold voltage values of a memory 

20 cell are predetermined by three reference cells. 

The sense amplifier 6m0 comprises three sense 
amplifiers S/A60 to S/A62, each of which has two input 
terminals (Figure 5). One input terminal of each of the 
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three sense amplifiers S/A60 to S/A62 is connected to the 
signal line llmO. The signal line llmO is connected to 
a bit line connected to a memory cell selected for data 
read. 

To the other input terminal of the sense amplifier 
S/A60 (its output is soutO) is input a signal indicating 
a reference potential (reference voltage) VrefO generated 
by current -voltage conversion of a cell current flowing 
through a first reference cell (not shown). The sense 
amplifier S/A60 compares the potential (cell potential) 
of the signal line llmO with the reference potential VrefO 
and outputs a signal indicating the result as output soutO . 

To the other input terminal of the sense amplifier 
S/A61 (its output is soutl) is input a signal indicating 
a reference potential (reference voltage) Vref 1 generated 
by current-voltage conversion of a cell current flowing 
through a second reference cell (not shown). The sense 
amplifier S/A61 compares the potential (cell potential) 
of the signal line llmO with the reference potential Vref 1 
and outputs a signal indicating the result as output soutl . 

To the other input terminal of the sense amplifier 
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S/A62 (its output is sout2) is input a signal indicating 
a reference potential (reference voltage) Vref2 generated 
by current -voltage conversion of a cell current flowing 
through a third reference cell (not shown) . The sense 
amplifier S/A62 compares the potential (cell potential) 
of the signal line llmO with the reference potential Vref 2 
and outputs a signal indicating the result as output sout2 . 

Figure 6 shows a relationship between the 
distribution of the threshold values of a memory cell 
storing four-value data and reference potentials which 
are referenced in data read. In Figure 6, the horizontal 
axis represents the threshold voltage Vt of a memory cell 
and the vertical axis represents the number of memory cells . 

For example, as shown in Figure 6, the reference 
potentials VrefO, Vrefl, and Vref 2 are placed in gaps 
between each of four regions of the threshold voltage Vt 
corresponding to data "11", "10" , "01", and "00". Thus, 
it is possible to determine whether stored data corresponds 
to "11" , "10" , "01" , or "00" in accordance with the reference 
potentials VrefO, Vrefl, and Vref 2. 

The signal sout[2:0], indicating the result of 
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comparison of a cell voltage and the reference potentials 
performed by the sense amplifiers S/A60 to S/A62 , is encoded 
by a conversion circuit 7 . The resultant signal is output 
as 2-bit data out[l:0] (four-value data). Each of the 
5 signals soutO to sout2 is 1-bit data which indicates a 
low level "0" or a high level "1" , depending on the result 
of comparison. 

For example, when the identification signal MLCB 
10 ( = " 0 " ) is input from the control circuit 17 to the conversion 
circuit 7 (Figure 4), outl = soutl. When soutl = n r, 
out0=sout0. When soutl="0", out0=sout2. 

Therefore, when the signals (sout2, soutl, soutO) 
15 are ("0" , "O", "0") or ("0", "0" ; n l"), (outl, outO) are 
("0", n 0"). When the signals (sout2, soutl , soutO) are 
( n 0" f n l", n l") or ( n l n , "1", "1"), (outl, outO) are ("1", 
"1"). When the signal (sout2, soutl, soutO) are CO", 
w l" , "0") or ("1", "1", "0"), (outl, outO) are ("1", "0"'). 
20 When the signals (sout2, soutl, soutO) are ("1", "0", "0") 
or ("1", "0", n l ff ), (outl, outO) are ( n 0 w , "1"). 

As described above, 3 -bit data output from the 
normal cell sense amplifier 6m is converted to 2 -bit data 
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by the conversion circuit 7. 

The foregoing description is given of the signal 
flow when the potential of the signal line llroO is compared 
5 with a reference potential to read data (four-value data) 
from a memory cell . When data ( the potentials of the signal 
lines 11ml to llm31, and llrO and llrl) is simultaneously 
read from other memory cells, signals flow in a similar 
manner. 

10 

The thus-read data is latched by the latch circuit 
8m (latch circuits 8m0 to 8m31) or the latch circuit 8r 
(latch circuits 8r0 and 8rl). Data is selected by the 
multiplexer (MUX) 9 and is output from the output pad 10 
15 (output pads DQO to DQ15). 

As shown in Figures 1 and 5 , in a 2 -bit signal output 
from the latch circuit 8m, an even-numbered bit is input 
to a multiplexer (MUX) (hereinafter referred to as an 
20 even-numbered multiplexer) connected to an even-numbered 
output pad I/O, while an odd- numbered bit is input to a 
multiplexer (MUX) (hereinafter referred to as an 
odd-numbered multiplexer) connected to an odd-numbered 
output pad I/O. In a 2-bit signal output from the latch 
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circuit 8r, all even -numbered bits (rO_0 and rl_0) are 
input to even-numbered multiplexers, while all 
odd-numbered bit (rO_l and rl_l) are input to odd-numbered 
multiplexers . 

The position of a defective memory cell varies 
among flash memories. Therefore, by connecting the latch 
circuit 8 and the multiplexer (MUX) 9 as described above, 
data read from a normal cell can be replaced with data 
read from a redundant cell in all of the even-numbered 
multiplexers and odd-numbered multiplexers. 

The redundant determination circuit 16 determines 
whether or not data rea.d from a normal cell is to be replaced 
15 with data read from a redundant cell and the replaced data 
is to be output via the output pad 10 from the multiplexer 
(MUX) 9. 

For example, when a memory cell connected to the 
20 signal line llmO is defective, the address of the memory 
cell is previously stored in the redundant address memory 
circuit 15. When trying to read the cell, the redundant 
determination circuit 16 compares the address stored in 
the redundant address memory circuit 15 with an internal 



5 



10 
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column address (including an internal block address). 
When the address stored in the redundant address memory 
circuit 15 matches the internal column address, a matching 
signal is output to the control circuit 17. 

5 

When the control circuit 17 receives a matching 
signal, the control circuit 17 determines that the memory 
cell at the address stored in the redundant address memory 
circuit 15 is a defective cell. When such a determination 
10 is made, the control circuit 17 outputs a control signal 
to multiplexers 90 and 91, which is used to output the 
redundant signals (r0_ 0 to rl_l) output from the latch 
circuit 8r to the output pad 10 instead of signals (p0_0 
to p3_15) output from the latch circuit 8m. 

15 

When a defective cell address is previously stored, 
information regarding whether a redundant signal r0_[l:0] 
output from the latch circuit 8r0 or a redundant signal 
rl_[l:0] output from the latch circuit 8rl is used can 
20 be simultaneously stored in the redundant address memory 
circuit 15 . As a result , the control circuit 17 can utilize 
the information to output a control signal for selecting 
redundant signals to the multiplexers 90 and 91. 
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Hereinafter, a description will be given of an 
operation of the flash memory 1 in which data is read from 
the two-value memory region 22. Here, operations of the 
flash memory 1 different from when data is read from the 
5 four-value memory region 21 will be described. 

Either when data is read from the four-value memory 
region 21 or when data is read from the two-value memory 
region 22 , the same normal cell sense amplifier 6m (sense 

10 amplifiers 6m0 to 6m31) and the redundant cell sense 
amplifier 6r (sense amplifiers 6r0 and 6rl) are used. 
Therefore, when data read is changed from the four-value 
memory region 21 to the two -value memory region 22, the 
switch circuit 19 switches from the four-value data read 

15 reference potentials Vref 0 to Vref 2 to two-value data read 
reference potentials Vref 0 to Vref 2 , for example , as shown 
in Figure 7. 

Figure 7 shows a relationship between the 
20 distribution of the threshold values of a memory cell 
storing two-value data and reference potentials which are 
referenced in data read. In Figure 7 , the horizontal axis 
represents the threshold voltage Vt of a memory cell and 
the vertical axis represents the number of memory cells. 
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For example, as shown in Figure 7, the reference 
potential Vrefl is placed in a gap between two regions 
of the threshold voltage Vt corresponding to respective 
5 data "1" and "0". The reference potentials VrefO and Vref 2 
are placed on the opposite sides of the reference potential 
Vrefl . In accordance with the reference potential Vrefl , 
whether stored data corresponds to " 1 " or n 0 n is determined . 

10 The switch circuit 19 switches between four-value 

data read reference potentials and two-value data read 
reference potentials by a multiplexer or the like. 

When data is read from a memory cell storing 
15 two-value data, it is determined whether stored data 
corresponds to "1" or "0", by referencing the threshold 
voltage Vt of the memory cell as shown in Figure 7 . To 
achieve this, the data (cell potential) of the memory cell 
is compared with the reference potential Vrefl. The 
20 determination is not af f ectedby the levels of the reference 
voltages VrefO and Vref 2. Note that the number of 
predetermined reference potentials is preferably 
minimized by setting the number of reference potentials 
to be the same as the number of reference potentials used 
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when data is read from the four-value memory region 21. 

When the reference voltage Vrefl needs to be 
adjusted depending on whether data is read from the 
four-value memory region 21 or the two-value memory region 
22 , a fourth reference cell may be employed . Such a fourth 
reference cell is provided in the reference cell 18. The 
threshold voltage of the fourth reference cell is 
predetermined . The switch circuit 19 can be used to switch 
from the output of the first reference cell to the third 
reference cell to the output of the fourth reference cell, 
thereby supplying an adjusted reference potential to a 
sense amplifier. 

The identification signal MLCB is used to determine 
whether data read from the memory cell array 2 is two -value 
data (data stored in the two-value memory region 22) or 
four-value data (data stored in the four-value memory 
region 21). For example, the identification signal MLCB 
is generated by the control circuit 17 determining whether 
data is being read from the four-value memory region 21 
or the two-value memory region 22. 

Data stored in a memory cell may have 
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identification data for determining whether the data 
contains four-value data or two-value data. In this case, 
the control circuit 17 determines whether data read from 
a memory cell is four- value data or two -value data, 
depending on identification data within the read data, 
thereby producing the identification signal MLCB. 

The identification signal MLCB may be generated 
by any other method. 

Thus, the conversion circuit 7 converts the sense 
amplifier outputs soutO to sout2 to the 2-bit signal 
out [1:0] . In this case, the reference voltage VrefO and 
the reference voltage Vref 2 are not referenced for data 
read. Therefore, among sense amplifier outputs soutO to 
sout2, the sense amplifier output soutl is the only 
significant output . When the conversion circuit 7 having 
a circuit configuration as shown in Figure 4 receives from 
the control circuit 17 the identification signal MLCB 
(= B D indicating that data is read from the two-value 
memory region 22, all bits of the multi-bit output are 
set to the same value. Thus, the conversion circuit 7 
functions as a second switch section. As a result, the 
conversion circuit 7 outputs out l=out0=soutl . 
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Therefore, irrespective of the values of soutO and 
sout2, when soutl is "0", outl=out0 = n 0" , and when soutl 
is n r, outlsoutOs"!". 

Note that when data is read from the two-value 
memory region 22 , only one of the values of outl and outO 
is required and the other may take any data (e.g., data 
indicating a voltage Vss). However, when a memory cell 
selected in the two -value memory region 22 is a defective 
cell and data needs to be read from a redundant cell, the 
setting of outl=out0 may reduce common conversion circuits , 
latch circuits, multiplexer circuits, and the like. 
Therefore, the circuit area can be reduced, whereby a simple 
conversion circuit may be constructed. 

Thus, in the flash memory 1 according to 
Embodiment 1 of the present invention, reference 
potentials for use in the common normal cell sense amplifier 
6m are switchedby the switch section 19 to optimal reference 
voltages, depending on whether data is read from the 
two-value memory region 22 or the four-value memory region 
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When the conversion circuit 7m reads and converts 
a result of comparison output by the normal cell sense 
amplifier 6m , the conversion circuit 7m switches and 
outputs read data, depending on whether data is read from 
the four-value memory region 21 or the two-value memory 
region 22. When data is read from the two-value memory 
region 22, only one bit has a significant output level 
among three bits output by the normal cell sense amplifier 
6m. Therefore, when the conversion circuit 7m converts 
a 3 -bit signal output by the normal cell sense amplifier 
6m to a 2-bit signal, the 2-bit signal has two bits having 
the same output level- As a result, a sense amplifier 
is provided common to the memory operations of a multi-value 
memory region and a two -value memory region provided on 
the same chip. 

Figure 8 shows a configuration of a flash memory 1A 
according to another embodiment of the present invention. 
In the flash memory 1A, when it is not necessary to adjust 
Vref 1 depending on whether data is read from the four-value 
memory region 21 or the two-value memory region 22 (i.e. , 
the reference potential Vref 1 of Figure 6 and the reference 
potential Vref 1 of Figure 7 are set to be the same value) , 
the reference potential Vref 1 can be used without being 
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changed, the change depending on whether data is read from 
the four-value memory region 21 or the two-value memory 
region 22. 

The flash memory 1A does not comprise the switch 
circuit 19 which is included in the flash memory 1. 
Therefore, in the flash memory 1A, the conversion 
circuit 7 subsequent to the sense amplifier 6 changes the 
number of bits in accordance with a result of comparison 
output by the sense amplifier 6, thereby switching data 
outputs depending on whether data is read from the 
multi-value memory region (e.g., a four-value memory 
region) or the two-value memory region. Thus, as in the 
flash memory 1, a sense amplifier is provided common to 
the memory operations of a multi-value memory region and 
a two- value memory region provided on the same chip. 
Further, as in the flash memory 1, when data is read from 
the two- value memory region, the conversion circuit 7 
(conversion section) outputs data containing all bits 
having the same value through output terminals . 

(Embodiment 2) 

In the flash memory 1 according to Embodiment 1 
of the present invention, a common sense amplifier section 
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is used when either data is read from the two-value memory 
region or data is read from the multi-value memory region. 

Hereinafter, a flash memory IB according to 
5 Embodiment 2 of the present invention will be described, 
in which when data write or data delete is being performed 
in one of a two -value memory region and a multi-value memory 
region, a sense amplifier section is used to read data 
from the other memory region. The flash memory IB 
10 comprises a memory cell array having a two-value memory 
region and a multi-value memory region (e.g., a four-value 
memory region). 

Figure 9 shows a configuration of the flash memory 
15 IB according to Embodiment 2 of the present invention. 
Note that components having the same function as those 
in the flash memory 1 have the same reference numerals 
and explanation thereof is omitted. 

20 Similar to the flash memory 1, the flash memory 

IB comprises a memory cell array 2 in which a plurality 
of memory cells capable of storing data are arranged in 
a matrix. The memory cell array 2 comprises a four-value 
memory region 21 and a two-value memory region 22. The 
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flash memory IB further comprises a column decoder 3-1 
and a column decoder 3-2 for selecting at least one bit 
line from a plurality of bit lines connected to the 
four-value memory region 21 and a plurality of bit lines 
connected to the two-value memory region 22 and applying 
a voltage to the selected bit lines separately; a block 
select circuit 4 for selecting at least one memory block 
from a plurality of memory blocks; and a row decoder 5-1 
and a row decoder 5-2 for selecting at least one word line 
from a plurality of word lines connected to the four-value 
memory region 21 and a plurality of word lines connected 
to the two-value memory region 22 and applying a voltage 
to selected word lines independently. 

The flash memory IB further comprises a write 
control circuit 20 functioning as a write control section. 
The write control circuit 20 is connected to the column 
decoder 3-1 and the column decoder 3-2 . 

When the flash memory IB performs write control, 
the write control circuit 20 applies a positive voltage 
via the column decoder 3-1 and the column decoder 3-2 to 
bit lines and a high positive voltage via the row decoder 
5-1 and the row decoder 5-2 to word lines. 
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When the flash memory IB performs delete control, 
a delete control circuit 23 applies a positive voltage 
via a source switch 24 and a source switch 25 to common 
source lines in blocks in the multi-value region (the 
four-value memory region 21) and the two-value memory 
region 22 and applies a negative voltage via the row decoder 
5-1 and the row decoder 5-2 to word lines . 

Thus, in the flash memory IB, the write control 
circuit 20 functioning as a write control section, the 
delete control circuit 23 functioning as a delete control 
section, the source switch 24, and the source switch 25, 
constitute a write/delete control section. 

In the flash memory IB, the component used for data 
delete control and the component used for data write control 
are different from each other. 

Similar to the flash memory 1, the flash memory 
IB further comprises a normal cell sense amplifier 6m 
functioning as a sense amplifier section, a conversion 
circuit 7m connected to the normal cell sense amplifier 
6m, and a latch circuit 8m connected to the conversion 
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circuit 7m. A signal indicating a selected cell voltage 
is input via signal lines llmO to llm31 to the normal cell 
sense amplifier 6m. 

The flash memory IB further comprises a redundant 
cell sense amplifier 6r functioning as a sense amplifier 
section , a conversion circuit 7r connected to the redundant 
cell sense amplifier 6r, and a latch circuit 8r connected 
to the conversion circuit 7r. A signal indicating a 
redundant cell voltage is input via signal lines llrO and 
llrl to the redundant cell sense amplifier 6r. 

The flash memory IB further comprises a multiplexer 
(MUX) 9 for selecting at least one output from the outputs 
of the latch circuit 8m and the latch circuit 8r, an output 
pad 10 connected to the multiplexer (MUX) 9, a redundant 
address memory circuit 15, a redundant determination 
circuit 16 , a control circuit 17, a reference cell 18, 
and a switch circuit 19 . 

With the above-described configuration , the write 
control circuit 20 outputs write data to the column 
decoder 3-1 and the column decoder 3-2. 
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For example, while data is being written into the 
two -value memory region 22, data may be read from the 
four-value memory region 21 . In this case, while the write 
control circuit 20 is outputting write data to the column 
decoder 3-2 for the two-value memory region 22, data is 
read from the four-value memory region 21 and is output 
via the column decoder 3-1 and the block select circuit 4 
to the signal lines llmO to llm31. The data output to 
the signal lines llmO to llm31 is input to the normal cell 
sense amplifier 6m. In this manner, data read is 
performed* 

For example, while data is being written to the 
four-value memory region 21, data may be read from the 
15 two- value memory region 22. In this case, while the write 
control circuit 20 is outputting write data to the column 
decoder 3-1 in the four- value memory region 21, data is 
read from the two-value memory region 22 and is output 
via the column decoder 3-2 and the block select circuit 4 
20 to the signal lines llmO to llm31. Data output to the 
signal lines llmO to llm31 is input to the normal cell 
sense amplifier 6m, followed by a data read operation. 

Further, in the flash memory IB , while data is being 



5 
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deleted from the four-value memory region 21 , data can 
be read from the two-value memory region 22. In the flash 
memory IB, while data is being deleted from the two- value 
memory region 22, data can be read from the four-value 
memory region 21. In the flash memory IB, while data is 
being deleted from the four-value memory region 21, data 
can be written into the two-value memory region 22. In 
the f lashmemory IB, while data is deleted f rom the two- value 
memory region 22, data can be written into the four-value 
memory region 21. 

Thus, data write and data read are performed for 
respective separate memory regions, so that the write 
control circuit 20 can determine whether or not data write 
is being performed for each memory region. The result 
of the determination is transferred to the control circuit 
17 which in turn allows a memory region, in which data 
write is not being performed, to be subjected to data read. 

Similar to the case where data write and data read 
are performed for respective separate memory regions , data 
delete and data read may be performed for respective 
separate memory regions by using the delete control circuit 
23, the source switch 24, and the source switch 25. 
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Note that although not shown in Figure 9 , a latch 
circuit may be connected to each of a signal line connecting 
the column decoder 3-1 and the write control circuit 20 
5 and a signal line connecting the column decoder 3-2 and 
the write control circuit 20, as disclosed in Japanese 
Laid-Open Publication No. 7-281952. In this case, the 
latch circuit holds the operational state of each memory 
region . The signal line connecting the column decoder 3-1 
10 and the write control circuit 20 and the signal line 
connecting the column decoder 3-2 and the write control 
circuit 20 may be provided separately from a signal line 
used for data read. In this case, a selector circuit is 
used to select the signal lines. 

15 

In order to simultaneously perform data write and 
data read for a plurality of memory regions , it is required 
to determine whether or not data write or data delete is 
being performed for a target cell memory region. This 
20 determination may also be performed by the write control 
circuit 20 or the delete control circuit 23. 

The semiconductor memory device of the present 
invention comprises a memory cell array including a 
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multi-value memory region and a two-value memory region 
on the same chip. The semiconductor memory device of the 
present invention switches reference voltages , which are 
used in a sense amplifier section common to the data read 
of the two-value memory region and the data read of the 
multi-value memory region, by using a first switch section . 
Therefore, the semiconductor memory device of the present 
invention can use a read path common to the data read of 
the two -value memory region and the data read of the 
multi- value memory region. Therefore, the present 
invention can avoid the conventional problem that while 
one of a sense amplifier for the data read of the two-value 
memory region and a sense amplifier for the data read of 
the multi- value memory region is being used, the other 
is not used. Thus, the present invention can remove a 
wasted region occupied by such a disabled sense amplifier. 
The present invention can provide a semiconductor memory 
device having a small size, low power consumption, and 
low manufacturing cost. 

Further, in the semiconductor memory device of the 
present invention, when data is read from the two-value 
memory region , the conversion circuit converts a multi-bit 
signal output from the sense amplifier to a 1-bit signal 
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by setting all bits of the multi-bit signal to be the same 
output level. Therefore, two-value data can be obtained 
by a simple circuit configuration. Time required for 
circuit verification can be reduced. 

Furthermore, in the semiconductor memory device 
of the present invention, while data write or data delete 
is performed for one of the two-value memory region and 
the multi- value memory region, data read is performed for 
the other. Therefore, the operation speed is high and 
time required for circuit verification can be reduced. 

Various other modifications will be apparent to 
and can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. 
Accordingly, it is not intended that the scope of the claims 
appended hereto be limited to the description as set forth 
herein, but rather that the claims be broadly construed. 



